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We, James Brvm, Thomas Megh and Philip Koneda, stale that: 

f We are joint inventors of the above-identified patent application; 

2. We made an invention claimed in the above- identified patent application in 
die United States prior to February 4, 2003. 

3, In support thereof, we submit the following evidence; 

.4. A Document isee attached) created by the above-identified James 
Brvm entitled "DISCLOSURE OF VALVE ACTUATOR USING A HYDRAULIC 
DISPLACEMENT AMPLIFIER" by James D, Brvm, Thomas MegH and Philip Koneda, the 
date on said Document having beers removed but such date being prior to February 4, 2003, 
said >oeum< nt b ng attached as abaci ed LXiliBlf A; 

B. Said Document shows on rag;- 3 in Figure 3 a hydraulic lever 
similar to FIG.. 3 of the above-identified patent application; 

C. On or about January OF 2003, it was decide to initially fabricate the 
cs io vi w,n i i ( ;_,vifc * >' i \h b i \ v nb aa two p^n>m il>MMmg pm turns ot the %\ ills ol 
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the chaml > > ie equal surface at eas (i.e., a 1:1 \ alio device) Mot >. pa? icu arl> . we 
chose to make a i : 1 ratio device as a matter of convenience because it allowed as to utilize 
t I tt hu v 1 u o I < w p'o'on en maiued 

at 1:1, ALL of our modeling and analysis documentation was focused on characterizing 
behavior on ratios greater than !:'!, for our purposes, the real value of hardware is to 
validate the relationships being modeled and the 1:1 hardware was convenient for that 
purpt (confirm 1 ? \ okramx viscous reh unships, < >. We the? eiyo te models 
to allow us to predict behavior at the ratio condition that is most appropriate tor a given 
apol >. auon. p u ^p ee < k 

D. A Document dated February 35, ?<Krt ;m<u U >d .w b\l IIB1 1 If 
winch are slides presented at a design review of the hydraulic lever described in the 
document in Exhibit A; designed at ratio 1:1. This hardware was fabricated between. 
February 25th and July of 2003, 

E , Exhibit C is a print out of a screen shot of a computer directory of 
the above-identified James Brvin showing that on March 17, 2003 a document was created 
entitled "patent review for hydraulic level and vibration cancel lation.ppt"; 

P. Exhibit D is a copy of the document referred to in paragraph C 
above and entitled "patent review ior hydraniic level and vibration cancellation. ppf '': 

G. Exhibit E is a copy of a shot of the above-identified Thomas 

V i T 1 Us ! - v n <> W ,^ n > H< h i V! M » M U lw W » > M ]\h s 

oi he document n Exhibit ) sue! hot sue! ee >ei?i shown dated its he appe right band 
corner April 25, 2003. 

H. Between April 25. 2003 and July 24. 2003 we foensed on 
engineerin - ?i of various prospective suppliers his work was essential as Ford 
relies on supplier partnerships to commercialize technology such as the hydraulic lever. In 
this search, the supplier is engaged at an exploratory level to assess whether the proper 
complement ol kil experience and n < rfaeturi? jpahili ? i i with out 

long term ?ieed. 1 ne aulas e o w m-nts can be gleaned thoueh the rl le titles from 

t 1 - vi d I on Iwhsbst O" eg \eutain: ci h- > n? ^Is e\ aluntiiio Iheiok ot impacts 
between mechanical components, 6 bar open from Ml ,dat - evaluating the challenge of 
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actuating under gas forces, ESP JOAL comparison slide pp! internal high level r 
• « ! suppliers c n 1 iradeoffsmpt i vat ileal s? ? 

supplier comparison, TRW armature failure analysis iransSation.doc ™ internal component 

supplier evaluation, LSI? power consumption estimate 072403 5/xts projecting power 

consumption lor comparative selection 

I. Exhibit F shows on the first page thereof a computer screen shot 
indicating thai on July 24, 2003 computer aided design (CAD) was refined tor the valve 
shown in the last 3 sheets of Exhibit. E, such valve being the valve with the two pistons 
forming portions of the walls of the chamber having the equal surface areas, 

i 1 i bim * a copy of a page from i notebook ol k d?ov< 
kkmihea Thomas Megii dated ' 2003 showing caienkmons related to the valve shown 

in the last 3 sheets of Exhibit E, such valve being the valve with the two pistons forming 
portions of the wads of the chamber having the equal surface areas. 

K, Exhibit H is a copy of a page from a notebook of the above- 
identified Thomas Megii dated July 29, 2003 showing oil feed flow rate data measured for 
the prototype shown in exhibit E, such valve being the valve with the two pistons forming 
portions of the wads of the chamber having the equal surface areas. 

L. Exhibit I is a copy of a page from a notebook of the above- 
demised I mo \\icj d.a,o hf\ 1 > : » , hlw«.u >..ic h>>w diev n 

in the last 3 sheets of Exhibit E, such valve being the valve with the two pistons forming 
portions of the wails of the chamber having the equal surface areas. 

M, Duong the period between February 25. 2003 and November I E 
2003, activity was towards braiding, resting, and refining a prototype of the valve shown in 
m~ o ^ ' ! mI> ' nuh w^vc hvutig the vahe\\ sth the 'wu panons foKvuig 
portions of the walls of the chamber having the equal surface areas. Typically the design 
process begins with a concept sketch that Is reviewed with the CAD designer. The designer 
hoimtnov I'M. < <m \ ) i * i 0 dv ss ? 

functions desired. This process of creation and review can take several weeks, and must 
consider how best to the implement the critical features that will be demonstrated with a 
hardware confirmation prototype. For the hydraulic lever, the critical feature to be 
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dem toned the abilit s t ru the b ulic path and rn ti rmat 

to the fully released position. This was best implemented by converting existing magnetic 
circuit hardware from ea ien> > iware the design creation process, converting 
from sketch to realizable hardware typically takes about 1 month. After that the design is 
further refined to include secondary features, for the hydraulic leva this included tailoring 
Ok Mot {< en k h u u 1 b* 1 \ tvu>i ambu > w Lmk ( *rxe tht ^ sgi 

model was complete, we sent the model to a local machine shop who then built ah of the 
details, bom the model. Tins process took about 1 month.. Once the hardware was received, 
we had to wait lor an opportunity to test in our laboratory. This could have taken 1-2 months. 
Remember that our "internal concept development" was a secondary activity to our primary 
responsibility of identifying a suitable first tier supplier tor ibis project. During assembly and 
debugging in inly of 2003, we discovered that since the parts were made directly from the 
model critical component dimensions, like the clearance between the hydraulic pistons and 
pi 1 his i ; vs \ m\ d ns I -> o > ? ' i k \ id n u 1 j v os n 1 ie 

piston dimensions were revised a new pistons fabricated adding another 1-2 weeks. Again, 
some delay to find time to test, and finally the testing that verified the feasibility of this 
concept. Ail in all, this additional time could have taken. 2 to 4 months. 

N. Exhibit J is a copy of a Management Performance Review 
reporting work on the hydraulic lever concept, including general modeling for ratios > 1:1 
irdksti 0) Jiv I fan w t t vd in t \ uik<. >uit »i m uiuil 

on November 1 h 2(103 by the above-identified Thomas Megii with portions being removed. 

O. Exhibit K is a copy of a Management Performance Review 
reporting work on the hydraulic lever concept, including general modeling and reporting for 
ratio ] his w; >resc ited to ou i m a., s n < n Nh cem ei 11, 20 ?3 b> hi . o\ - 
identified James firvin with portions being removed, 

? F\lnbit i ts a cops o: a seme? $ t nt ot < sst ng el k L <. i Cat 
taken on the above-identified IT ratio device by the above- identified Thomas Megii dated 
July 2 and July 3 2003 , 

Q. Exhibit M is a screen shot of the test data taken on the above- 
idei I i ed PI itio device Sake \ on tub 2 a d I ih 3 2003 NoU that "Date < reated is latei 



4 



Application No.: 

::i Ssece decease the ilh.-s were copied iron; one eomputoi to another. "Date \dxrdled" dates: 
show the last time- roadmcations were made to the file, 

S. Exhibit 'N are screen print cuts showing creation of various Hies. 

t if < f ■> t 4, <t O'dvsC rtVJH > i f t t K ! A 4 v 

systems i ! £ » ! work ssueh as electrical system asudysiS: wiring analysis;, i s v „ 

!( IUI I j < d 1 v M Si f \tR iOil 

process (which was a criti tec for cos mm ' ><> EYA fcseribed in I ure 3 of Exhibit 

A . v d <t > I Of ',lk x i n -> p i \ d » v f! 1 its ! 

the period of time between February 6, 2085 and January 24, 2(K)4. 

4, All statement s S 1 t ;y < knowledge are « I tlva t rsenis 

0 dv. > t t ! f i 

^ t ;s >! si t i < d ' : tu> t. n -> w i nd. 

bet re punishable by fine o tpt mvtm both f ■> < t ( m 

1 it s ' if 4 ) !« )!!>>>< i i 

Date / M i I ' ^ Barnes Ervhv 



2 Ii.3.|.££ 

Date: *?Z11..ZQ.^ ^omas Msgls "^T^ 



Philip K«mxl?t/ 
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EXHS8ST A 



Disclosure of Valve Actuator Using a 
Hydraulic Displacement Amplifier 

.James IK Ervln, Thomas Megli, Philip Koaeda 



Introduction 

One common approach to controlled valve actuation is to use wo electromagnets to 
toggle an armature connected to a valve between an open or closed position where it is 
held, while a pair of springs is used to force the valve to move (oscillate) to the other 
state (Fig. i). A common shortfall to such a design is that the magnets must generate 
force over a travel length equal to the valve stroke. At points of travel where the air gap 
is large, more current is required to achieve a given force resulting in a corresponding 
increase in power consumption. Conversely, the peak force that cm be generated for a 
given current is reduced as the air gap increases, which effectively reduces the authority 
to control the valve motion. 





Full Closed 

NcatiatPesiiSoB Fofl Open 

figure !: Conventional linear direet acting spring -mass o»rftt«fer 
In contrast to the direct acting mass-oscillator approach, a new actuation architecture 
is proposed here which utilises a hydraulic lever amplify the motion of a n 
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armature to achieve a desired valve displacement, thus reducing the effective air gap. 
This disclosure describes the potential claims regarding this new architecture: 

• Use of a hydraulic lever to minimize van ation in air gap. 

♦ Incorporation of passive hydraulic lash adjustment in the hydraulic lever 
mechanism,. 

» Incorporation of passive hydraulic damping in the hytiraulic lever mechanism 
to potentially enable open loop control 

# Incorporation of a bypass valve to tune the damper response and allow for 
initialisation of the system at startup. 

* Ability to flexibly package the system to meet package requirements. 

Prior art 

As a departure from the direct acting systems, there is at least one example of a lever 
actuated system: IS? Innovative Automotive Systems of Munich, Germany has 
developed an actuator that uses a mechanical lever to amplify the travel of the armature 
and reduce the effective air gap. In contrast to the hydraulic system proposed here, the 
mechanical lever does not address issues of passive lash management or passive damping 
and must be designed within specific packaging rules. As a result of die reduced gap, the 
LSP lever system does improve the control authority through the stroke and improves the 
power consumption relative to conventional linear oscillators. 




Figure 2: LSP fever acting spring-mass oscillator 
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Overview of the hydraulic amplifier lever oscillator 

As the subject of this disclosure, a hydraulic lever is proposed as an alternative means 
of amplifying armature displacement. This has the effect of reducing the armature travel 
that is required to achieve a desired valve displacement and, in turn, reduces the effective 
air gap. In one proposed arrangement (Fig. 3), a first hydraulic piston is attached to an 
annates and biased wife a first spring to be normally held in a downward position while 
a second piston is attached to a valve and biased with a second spring in a normally 
upward position. 




Figure 3: Hydraulic lever acting spring-mass oscillator 
During a startup sequence, an upper coil is used to pull the surmature upward. This 
creates higher pressure in {he outer cavity than the central cavity to open a check valve 
mounted on die second piston, allow fluid transfer from the outer cavity to the central 
cavity, and compress the first spring. 

Following this initialization process, the upper coil is de-cnen;»zed, causing the first 
spring to move the armature and first piston downward. This increases the pressure in the 
central cavity between the piston faces, decreases the pressure in She outer cavity, and 
closes the check valve. The pressure difference across the second piston causes »t to 
move downward and compress the second spring. At some time during this process, the 
lower cos! is energized to continue compressing the second spring until the second piston 
strokes beyond the point where it can communicate oil with the outer cavity. At this 
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time, the second piston becomes hyrtraulically locked, travel stops, and the valve is held 
m the open position. Alternately, the travel limits could be regulated by designing the 
first piston to strike a shoulder in the centra! cavity or by driving the armature to Sand on 
the lower coil are expected to be that is controlled by opposing coils. 

Conversely, the lower coil can be de-energised and the upper coil can be energized to 
reverse the process and close the valve. It is expected that the pressure in the central 
cavity will be greater than that of the outer cavity during this event so that the check 
valve remains closed. This expectation requires that the force from the upper coi! minus 
the force from the upper spring be less than the force of the second spring at all times and 
can be ensured by designing the preload of the second spring appropriately. 

Lash Adjustment 

The use of hydraulic lash adjusters tor controlling tolerance stackup and thermal 
growth in valvetrains is well established. Bach cycle following the seating of die valve, a 
controlled leak (orifice) from an oil lube reservoir is used to charge a hydraulic chamber 
to eliminate the clearance between the valve stem and the earn profile. In the case of 
EV A, this lash adjuster would be positioned between the valve stem and the actuation 
source. When acted upon by the cam, the oil becomes trapped in the cavity (can't leak 
out fast enough) and pushes on the valve with essentially no lash. The key to providing 
lash adjustment in this manner is designing the controlled leak to be slow enough to 
allow only a minimal change in length during the valve stroking process while being fast 
enough to account for the rate of length change due to thermal growth. It must also 
operate across a wide range of viscosity as the oil temperature, 

Referencing the hydraulic lever implementation shown in Fig. 3, hydraulic lash 
control could be readily achieved by designing the appropriate clearance between the 
support body and the upper and lower pistons, in a typical sequence of operation, the 
lower piston would stroke upwards until the valve became seated. The upper piston 
would then continue stroking until its travel became limited by the seating of the 
armature or by a closing off of the channel that communicated oil to the underside of the 
lower piston (hydraulic locking). During this event, a differentia! pressure would develop 
across the upper piston, causing fluid to flow into the central cavity through the check 
valve and teak between the perimeter of the upper piston and the support body to resolve 
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the volume displaced. Having charged the cavity, the actuation source would he ahle to 
begin opening the valve with no lash. 

During an opening wait, downward motion of the upper piston would cause the 
tower piston to stroke downward, compressing the valve spring ard creating a differential 
pressure across the lower piston- As a consequence of the differential pressure, fluid 
would flow out of the central cavity, resuming in a lower net stroks of the lower piston 
than for the upper piston. Such lost stroke is actually desired to account for valve growth 
due to thermal effects, where the loss of stroke (leakage) is ideally designed to he greater 
than the maximum thermal growth that can occur during a given cycle. 

As a tradeoff during the valve closing event, the length lost during opening would 
result in the valve landing before the upper piston had finished stroking. With the natural 
coupling of position and velocity for the upper and lower pistons, it is advantageous to 
design the leakage to he as small as possible so that the travel of the two pistons is nearly 
the same. Thus if one is landed gracefully, both will, leading to simpler control 

Passive Damping 

Taking advantage of the hydraulic architecture, it is also simple to incorporate passive 
damping into the actuator. As an example (Fig. 4), the travel of the pistons could be 
damped at the travel extremes by having the pistons close off a port, stopping the 
communication of oil to the rest of the circuit. At this point the system would be 
hydraulically locked though a conservation of volume. A check valve could be 
incorporated into the overtravel portion of the cavity to facilitate the release event, fn a 
further refinement, the shape of the port could be tailored to prov ide a desired level of 
damping as a function of piston travel (ref. docket 2QI-1 552 Variable Area Damper), as 
suggested in Fig. 4. Other implementations could include a ring extending from the 
piston and engaging mating cavity on the support (ram damper), 

Passive, velocity-dependent damping otters significant advantages over active EVA 
control: 

S . Reduces or eliminates the need for high speed, complex position and current 
feedback control of the EVA solenoids - This complex control is presently 
required to achieve soft valve seating velocity for present actuator systems. The 
feedback control requires a high-speed (approximately 10~20kHz control loop 



5 



Vibration Cancellation 

For mass-oscOlafiag EVA systems, the typical valve acceteratioo and combined 
valve/armature mass is greater than for conventional cam design leading to increased 
engine vibration. In an effort to mmimize this effect, a design variant of the hydraulic 
lever is proposed where the upper port of the upper piston communicates with the upper 
port of the tower piston and the lower ports are similarly connected. This arrangement 
forces the motion of the two pistons in opposite directions, so that the inertia! loads of 
each tend to cancel according resulting in a net force: 

F m ~ m t a x -~ fn 2 a 2 
where m s and m 2 are the masses of the upper and lower pistons and a t and aj are their 
respective accelerations. 

Considering an example using armature and valve masses from conventional linear 
oscillator technology, a peak force of 630N would be produced by a 40Og accel acting on 
the G.OSKlKg upper mass (armature / stem / spring) and 0.0?3Kg lower mass (valve / 
keeper / retainers / spring). If the masses were driven in opposition by a hydraulic 
amplifier (1 : 1 amplification), the net force would instead be 66N, a tenfold reduction. If 
a larger amplification were csonsidered, experience with the ISP lever system suggests 
that (he armature mass would need to increase in keeping with ibt<. lever ratio while the 
associated acceleration would decrease. 
Do nut and hole opposed 

Variable orifice damping 
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Find armature (upper) mass as a function of design p arameters arsd valve (lower) mass: 
Significant mass ratio relationships: 

A/, _ _____ {lxSFxx 1 *™ 1 } A 

1) Lowest TR that can be applied for a given transition time (TR™™): 
Armature mass goes to wwhen TR satisfies the relationship: 

8-C*0r»TK* sig»(7R) » £* 

• 2xFP^Vfx(&f w J* 

Armature mass also goes to wwhea TR goes to <» 

2) Find TR which produces the minimum armature mass (TR*,,*): 
Armature mass is minimum when: 

Notice that TR^ is exactly twice the value of TR TOin - 

3) As TR is reduced from the TR for min amito the lowest applicable TR value, the 
effective mass is growing like 

4) As TR approaches oefrom the TR for minimum armature mass, the armature mass 
increases because more actuator force is required to deliver the same force to the valve. 
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